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SUMMARY

On March 6, 2000 a 50-year-old male volunteer

Assgant Chief, respondedto afireinasngle-family
dwdling. At 1355 hours, after ventilating theroof, the
victim collapsed. A crew member, returning from
checking hot spots, saw him lying on the roof,

unconscious. Other crew membersalsocametohis
ass sanceand found him unresponsive, withno pulse
andnorespirations. Cardiopulmonary resuscitation
(CPR) wasbegunimmediatdy and anambulancewas
requested. Approximatdy 65 minuteslater, despiteCPR
andadvancedlifesupport (AL S) administered on-scene
and at the hospitd, the victim died. The autopsy,

conducted by the County Coroner, listed “ Cardiac
Arrhythmid’ asthecauseof degth. Thedegth catificate,
aso completed by the County Coroner, liged” Cardiac
arrhythmia” dueto* cardiomegaly, | eft ventricular
hypertrophy, and ischemic heart disease” as the
immediatecauseof degth.

The following recommendations address some
genera health and safety issues. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendetions
have not been evaluated by NIOSH, but represent
published research, or consensusvotesof technical
committees of the National Fire Protection
Association (NFPA) or fire service labor/

management groups.

» Conduct mandatory pre-placement medical
evaluations consistent with NFPA 1582 to
determine a candidate’s medical ability to
perform duties without presenting a
significant risk to the safety and health of
themselvesor others.

Provide mandatory annual medical
evaluations to ALL fire fighters to
determinetheir medical ability to perform
duties without presenting a significant
risk to the safety and health of themselves
or others.

Ensurethat firefightersarecleared for duty
by a physician knowledgeable about the
physical demands of fire fighting and the
various components of NFPA 1582.

Provide fire fighters with medical
evaluations and clearance to wear SCBA.

I ncorporate exercise stress tests into the
Fire Department’s medical evaluation

program.

Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity.

TheFireFighter Fatality I nvestigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contribute
to fire fighter deaths suffered in the line of duty.
Identification of causal and contributing factors enable
researchers and safety specialiststo devel op strategies for
preventing future similar incidents. The program does not
seek to determine fault or place blame on fire departments
or individual firefighters. To request additional copies of
this report (specify the case number shown in the shield
above), other fatality investigation reports, or further
information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-N1OSH
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INTRODUCTION & METHODS

On March 6, 2000, a50- year-old male Assistant
Chief lost consciousness after ventilating the roof
during a structure fire. Despite CPR and ALS
adminigtered by crew members, theambulancecrew,
and personnel in the emergency department, the
victim died. On December 6, 2001, NIOSH
contacted the affected Fire Department to initiate
theinvestigation. On December 11, 2001, a Safety
and Occupational Health Specialist and an
Epidemiologist fromtheNIOSH FreFighter Fataity
Investigation Teamtraveled tolllinoisto conduct an
on-steinvestigation of theincident.

During the investigation NIOSH personnel
interviewed:

* TheFreChief,

*  Crew membersonduty withthevictim,

* Thevictim'swife

Duringthesite-visit NIOSH personnd reviewed:

* Fire Department policies and operating
guiddines

» FireDepartment training records,

» TheFire Department annual report for 2000,

»  Emergency medica service(ambulance) incident
report,

* Hospita emergency department report,

* Deathcertificate,

e Autopsy report,

» Past medical records of the deceased.

INVESTIGATIVERESULTS

Incident. OnMarch 6, 2000, at gpproximately 1342
hours, theinvolved Fire Department was dispatched
toadructurefireinvolving al¥z-gtory, wood frame,
angle-family dwelling, measuring goproximetely 1800
squarefeet, located 6.5 milesfrom thefire station.
Thevictim, whowastaking (in person) totheFire
Chief at thetime, responded tothefirestationin his
privately- owned vehicle (POV) todrive Engine 1

tothescene. TheFire Chief responded to the scene
andwasfirst on-scene. Four additiond firefighters
andthree First Respondersrespondedintheir POV's
to the scene.

Thefire, which spread from burning trash, involved
thenorth sdeof thedwelling, including thegarage.
Engine 1 arrived on-sceneand thevictim activated
thepump. Hedelegated the Driver/ Operator duty
to another firefighter, and then stretched a 100-foot
section of 1%2-inch hosdlineto extinguishtheexternd
portion of thefire. After thiswasaccomplished, the
remaningfirefightersarrived on-scene. Thevictim
and onefirefighter retrieved a20-foot extension
ladder and raised it to the garageroof. Thevictim
and thefirefighter, both wearing full bunker gear
and salf-contai ned breathing apparatus (SCBA), on
air, andtaking the 1%2-inch hoselineand an axewith
them, climbed to theroof of thegarageand beganto
performroof ventilationwiththeaxe. Thefirefighter
climbed down the ladder to check for fire spread
insidethegarage area. Heidentified an areastill
burning and exited thegarageintending onretrieving
thehosdlinefrom theroof to continueextinguishmen.

After thevictim completed roof ventilation, hetook
hisSCBA facepieceoff and suddenly collgpsed. On-
scenecrew membersinitialy thought hewaslooking
downtheventilation hole. Thefirefighter standing
ontheground below yelled to thevictimto passthe
hosdlinedowntheladder. After gettingnoresponse,
thefirefighter backed away from the edge of the
garage and, again, asked the victim to pass the
hoselinedown theladder. After backing up afew
more feet, the fire fighter saw the victim had

collapsed. Thefirefighter yelled that amanwas
down and aradio call informed Dispatch of the
gtuation.

Crew membersclimbed onto thegarageroof toaid
thevictim. Initid assessment by crew membersfound
theAssstant Chief to beunresponsive, not breathing,
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and pulsgdess. CPR (chest compressonsand asssted
ventilationsviamouth-to-mouth) beganimmediately.
First Responders on-sceneretrieved abag-vave-
mask (BVM). However, attemptsto ventilatevia
BVM wereunsuccessful, and ventilaionsviamouth-
to-mouth were resumed. The victim was then
extricated from theroof and placed onto theground.

Theambulancewasdispatched at 1358 hours. Medic
unitsarrived on-scened 1419 hours findingthevictim
unrespongive, not breathing, and pulsdesswithCPRiIn
progress. A cardiac monitor wasdtachedtothevictim,
revedingventricular fibrillation (V.Hb.) (@heart rhythm
unable to sustain life), which was immediately
defibrillated (shocked). Thevictim'sheart rhythm
reverted to asystole (no heart beat). ALSmeasures,
including intubation and intravenoustherapy, were
begun. Thecardiac monitor againrevededV.Fb. and
oneadditiona shock wasadministered, without change
inpatientdatus Thevicim'sheart rhythmagainreverted
toasystoleand CPR continued. Thevictimwasthen
|oaded onto astretcher and placed into theambulance,
which begantransport tothe hospita at 1429 hours.
Enroute, thecardiac monitor againreveded V.Fib.and
two additiona shocks were administered, without
changein patient status. Thevictim arrived at the
hospitd’ semergency department (ED) at 1446 hours.
Ingdethe ED, CPR andA L Smeasurescontinued until
1508 hours, whenthevictimwas pronounced dead by
theattendingphysician.

Medical Findings. The death certificate was
completed by the County Coroner, who listed
“Cardiac arrhythmia due to cardiomegaly, left
ventricular hypertrophy, andischemic heart disease”
astheimmediate cause of death. Pertinent findings
from the autopsy, performed by a forensic
pathologist, on March 7, 2000, included:

» Atherosclerosisof thecoronary arteries
50% to 75% narrowing of the proximal eft
anterior descending coronary artery

» Cadiomegdy duetoleft ventricular hypertrophy
* Ischemicheart disease

TheAssgtant Chief had thefollowing risk factorsfor
coronary artery disease (CAD): ageover 45, mae
gender, smoking, and lack of exercise. Thevictim's
last medical evaluationwasin 1999, at whichtime
hewas not prescribed any medicationsand hewas
not under any restrictionsfor firefighting duties.
According to his wife and crew members, the
Assistant Chief did not express symptomsof chest
painor any other symptomindicativeof aheart attack
at any timepreceding theincident.

DESCRIPTION OF THE FIRE
DEPARTMENT

Atthetimeof the NIOSH investigation, thevolunteer
Fire Department congsted of 15 volunteer firefighters
and served apopulation of 1,500 in ageographic
areaof 100 squaremiles. Thereisonefirestation.
In 2000, the Department responded to 75 calls: 40
wildlandfires, 20 dwdlingfires, 10 outbuildingfires,
and5vehiclefires.

Training. New firefighter applicants must attend
three consecutive meetings, pass a background
check, and must then bevoted on by themembership
prior to being selected asamember. Once selected,
thefirefighter recelvestraining on the essential sof
firefighting. New membersare placed on probation
for 6 months, after which they becomefull members.
Frefightersrecaiverecurrent traininginther sation
at bi-weekly drills. Thereisno State requirement
for minimumvolunteer firefighter certification.

Thereisno Staterequirement for annud volunteer fire
fighter re-certification. Annud re-cartificationisrequired
for hazardousmateridscartification. Frst Responders
EMTsand Paramedicsrecertify every twoyears. The
victim wastrained as a Fire Fighter and a Driver/
Operator, and had 13 yearsof firefighting experience.
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Pre-placement Evaluations. TheFire Department
doesnot requireapre-placement medical evaluation
for new members. Notimed performanceevauation
of typicd firefighting duties (physical ability test) is
required.

Periodic Evaluations. No annual medical
evauationsarerequired by the Department. Fire
fightersreceive physical examinationsthroughthelr
jobsor at their own expense.

Medicd clearancefor SCBA useisnot required. If
afirefighter isinjured on-duty, he/'shemust becdleared
for “returntowork” by their personal physician.
There are no other return to work clearances
required.

No strength or aerobic equipment isavailableat the
firegtation. Nowellnessprogramisavailable.

DISCUSSION

In the United States, coronary artery disease
(atheroscleross) isthemost common risk factor for
cardiac arrest and sudden cardiac death.* Risk
factorsfor itsdevelopment includeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure, high blood cholesteral,,
obesity, physicd inectivity, and digbetes>® Thevictim
had four of theserisk factors (age over 45, male
gender, smoking, and physical inactivity). The
narrowing of thecoronary arteriesby atherosclerotic
plaguesoccursover many years, typically decades?
Thisvictim had evidence of atherosclerotic disease
in one of hiscoronary arteries with 50% to 75%
narrowing of the proximal |eft anterior descending
coronary artery.

Thisvictim died of a“cardiac arrhythmiadueto

cardiomegdly, left ventricular hypertrophy (LVH), and
ischemic heart disease.” Atherosclerosis in a

coronary artery may causeischemic heart disease

which occurswhen theblood flow within acoronary
artery, probably theproxima | eft anterior descending
coronary artery inthiscase, islimited to the point
wherethe oxygen needs of the heart muscle cannot
bemet. Ischemic heart disease causeshypertrophy
of the heart muscleand cardiomegaly. All of these
factors, independently andin combination, increase
therisk of cardiac arrhythmia.

Firefightingiswiddy acknowledged to beoneof the
most physically demanding and hazardous of all

civilian occupations.® Firefighting activitiesare
strenuous and often requirefirefightersto work at
near maximal heart rates for long periods. The
increasein heart rate has been shown to begin with
responding to theinitial alarm and persist through
the courseof firesuppresson activities®® Evenwhen
energy costsaremoderate (asmeasured by oxygen
consumption) and work is performed in a

thermoneutral environment, heart ratesmay behigh
(over 170 beats per minute) owingtotheinsulative
properties of the personal protective clothing.®
Epidemiologic sudieshavefoundthat heavy physicd

exartionsometimesimmediatey precedesandtriggers
the onset of acute heart attacks.'>** At the scene,

thevictim stretched a100-foot section of 1%2-inch
hoseline, extinguished theexternd fire, climbedupa
20-foot extension ladder onto the garageroof, and,
breathing air fromaSCBA, chopped aventilation
holeinthegarageroof prior to hiscollapse. Thisis
considered aheavy levd of physical exertion.”®

To reduce the risk of heart attacks and sudden
cardiac arrest among fire fighters, the NFPA has
developed the NFPA 1582 guideline entitled

“Standard on Medica Requirementsfor FireFighters
and Information for Fire Department Physicians.” 6
NFPA 1582 recommends a yearly physical

evduationtoindudeamedicd history, height, weight,
blood pressure, and visud acuity test.® NFPA 1582
recommendsathoroughexaminationtoindudevison
testing, audiometry, pulmonary functiontesting, a
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complete blood count, urinalysis, and biochemical
(blood) test battery be conducted on aperiodicbass
accordingtotheageof thefirefighter (lessthan 30:
every 3years, 30-39: every 2 years, over 40 years.
every year). TheFD doesnot currently offer pre-
placement or periodic physical evaluationstofire
fighters

NFPA 1582 a so recommendsfirefightersover the
ageof 35withrisk factorsfor CAD be screened for
obstructive CAD by an EST.*® Unfortunately, the
EST has problems with both false negatives

(inadequate sengitivity) and fal sepogitives(inadequate
gpecificity), particularly for asymptomaticindividuals
(individua swithout symptomssuggestiveof anging),
young men, andwomen.t”*® Thishasled other expert
groupsto not recommend EST for asymptomatic
individua swithout risk factorsfor CAD.*%

When these asymptomatic individualshaverisk
factorsfor CAD, however, recommendationsvary
by organization. The American College of
Cardiology/American Heart Association (ACC/
AHA) identifiestwo groupsfor EST: 1) men over
theageof 40 withahistory of cardiac disease (asa
screening test prior to beginning astrenuousexercise
program), and 2) men over age40with oneor more
risk factors.”® They definefiverisk factorsfor CAD:
hypercholesterolemia (total cholesterol > 240 mg/
dL), hypertenson (systolic>140mmHgor diastolic
>90 mmHg), smoking, diabetes, and family history
of premature CAD (cardiac event in 1% degree
relative < 60 years old).®® The U.S. Preventive
Services Task Force (USPSTF) does not
recommend EST for asymptomaticindividuas, even
those with risk factors for CAD; rather, they
recommend thediagnos sand treetment of modifiable
risk factors(hypertenson, high cholesterol, smoking,
and diabetes).

Theserecommendationschangefor individua swho
might endanger public safety if anacuteepisodewere

experienced, or those who require high

cardiovascular performancesuch aspoliceandfire
fighters. TheNFPA recommendsfirefighterswithout
CAD risk factorsget their first EST at age 40; for
those with one or more CAD risk factors, at age
35.%5 NFPA consders CAD risk factorsto befamily
history of premature (lessthan age55) cardiac event,
hypertension, diabetes mellitus, cigarette smoking,
and hyperchol esterolemia(total cholesterol greater
than 240 or HDL cholesterol lessthan 35).1° The
EST should then be performed on aperiodic basis,
at least once every two years.®® TheACC/AHA
indicates that there isinsufficient datato justify
periodic EST in peopleinvolved in public safety,
however, asmentioned previoudy, they recommend
that men over age40withahistory of cardiac disease
be screened before beginning astrenuousexercise
program.’® Fire suppression activities involve
grenuousphysica activity; therefore, theACC/AHA
seem to be making a distinction between those
already engaged in strenuous physical activity
(conditioning), and those beginning astrenuous
exerciseprogram. The USPSTF indicatesthat there
isinsufficient evidence to recommend screening
middleage and older men or womeninthegenera
population, however, “ screeningindividudsin certain
occupations (pilots, truck drivers, etc.) can be
recommended on other grounds, including the
possible benefitsto public safety.”

Since the victim was over 45 years of age and
asymptomatic, the performance of an EST is
recommended by NFPA 1582. However, the
AHA and the USPSTF are less clear about
whether an EST should have been performed on
thisindividual. Ineither case, if an EST would
have been performed, his CAD might have been
detected. And, if the CAD was detected, the
victim could have undergone further evaluation
and treatment, and possibly prevented the sudden
cardiac death.
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RECOMMENDATIONS

Thefollowing recommendationsaddresshedth and
safety generdly. Thislistincludessomepreventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart
attacksand sudden cardiac arrest among firefighters.
Theserecommendationshavenot been evauated by
NIOSH, but represent published research, or
consensusvotesof technica committeesof the NFPA
or fireservicelabor/management groups.

Recommendation #1: Conduct mandatory pre-
placement medical evaluations consistent with
NF PA 1582 to determine a candidate’s medical
ability to perform duties without presenting a
significant risk to the safety and health of
themselvesor others.

Guidanceregarding the content and frequency of pre-
placement medica eva uationsand examinationsfor
firefighterscan befound in NFPA 1582, Standard
on Medical Requirements for Fire Fighters and
Information for Fire Department Physicians,'® and
inthereport of the I nternational Association of Fire
Fighterg/International Association of Fire Chiefs
(IAFF/1AFC) wellness/fitnessinitiative.” TheFire
Departmentisnot legdly requiredtofollow any of these
standards. Nonetheless, we recommend the Fire
Department becong sent withtheaboveguiddines.

Inadditionto providing guidance on thefrequency
and content of the medical evaluation, NFPA 1582
provides guidance on medical requirements for
persons performing firefighting tasks. NFPA 1582
should be applied in a confidential,
nondiscriminatory manner. Appendix D of NFPA
1582 provides guidance for Fire Department
Administratorsregarding legal considerationsin
applying thestandard.

Applying NFPA 1582 ad soinvolveseconomicissues.
These economic concerns go beyond the costs of

adminigeringthemedica program; they involvethe
personal and economic costs of dealing with the
medical evaluation results. NFPA 1500, Standard
on Fire Department Occupationa Safety and Hedlth
Program, addressestheseissuesin Chapter 8-7.1
and 8-7.2.%

Thesuccessaof medicd programshingeson protecting
the affected firefighter. The Department must 1)
keep the medical records confidential, 2) provide
dternateduty postionsfor firefightersinrehabilitation
programs, and 3) if thefirefighter isnot medically
qudifiedtoreturnto activefirefighting duties, provide
permanent alternate duty positions or other

supportive and/or compensated dternatives.

Unfortunatdy, thesecond and third requirementsmay
not beworkablein avolunteer department and could
thusimpair both acceptance by firefightersand the
Fire Department’sability torecruit and retainfire
fighters. Applying thisrecommendationinvolves
economic repercussions and may be particularly
difficult for smdl, rural, volunteer Firedepartments
toimplement. To overcomethefinancial obstacle,

the Fire Department could urge current membersto
get annual medical clearancesfromtheir private
physicians (but see Recommendation #3). Another
optionishaving thebrief annua medica evauations
recommended by NFPA 1582 completed by the
volunteer fire fighters themselves (medical and
occupationa history) and by EM Tsfromthelocal

emergency medical service (vital signs, height,

weight, and visua acuity). Thisinformation could
then be provided to acommunity physician, perhaps
volunteering hisor her time, to review thedataand
providemedical clearance (or further evauation, if
needed). The more extensive periodic medical

examinations could be performed by a private

physician a thefirefighter’ sexpense, provided by a
physician volunteer, or paid for by the Fire

Department. Sharing thefinancia responsbility for
these evaluations between volunteers, the Fire
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Department, and willing phys cian volunteersshould
reducethenegativefinancid impact onrecruiting and
retaining needed volunteers.

Recommendation #2: Provide mandatory
annual medical evaluationstoALL firefighters
to determinetheir medical ability to perform
duties without presenting a significant risk to
the safety and health of themselves or others.

Guidanceregarding the content and frequency of
periodic medica evaluationsand examinationsfor
firefighterscan befoundin NFPA 1582 andinthe
|AFF/IAFC wellness/fitnessinitiative.? TheFire
Department isnot legally required tofollow any of
these standards. Nonethel ess, we recommend the
FD establish the content and frequency inorder to
be cons stent with the above guiddlines.

Recommendation #3: Ensurethat firefighters
are cleared for duty by a physician
knowl edgeable about the physical demands of
fire fighting and the various components of
NFPA1582.

Physicians providing input regarding medical
clearance for fire fighting duties should be
knowledgeable about the physical demands of
firefighting and familiar withthe consensusguiddines
published by NFPA 1582. Toensurephysiciansare
aware of these guidelines, werecommend that the
Fire Department provide the contract and private
physicianswith acopy of NFPA 1582. Inaddition,
we recommend the Fire Department not
automatically accept the opinion of theemployee's
private physician regarding returntowork. This
decision requires knowledge not only of the
employee’'s medical condition, but also the
employeg'sjobduties. Frequently, privatephysicians
arenot familiar with an employee’ sjob duties, or
guidance documents, such asNFPA 1582. Lastly,
werecommend that all return-to-work clearances

be reviewed by the City/County/Fire Department
contracted physician. Thus, the final decision
regarding medical clearancefor returntowork lies
withthe City/County/Fre Department withinput from
many sources including the employee's private

physdan.

Recommendation #4: Providefirefighterswith
medical evaluations and clearance to wear
SCBA.

OSHA's Revised Respiratory Protection Standard
requiresemployersto provide medica eval uations
and clearance for employees using respiratory

protection.?? These clearance evaluations are

required for privateindustry employeesand public
employees in states operating OSHA -approved
Stateplans. IllinoisisaState-plan State, therefore,
public sector employersarerequired to comply with
OSHA standards. A copy of the OSHA medical

checklist hasbeen provided to the Fire Department.

Recommendation #5: | ncorporateexercisestress
tests into the Fire Department’s medical
evaluation program.

NFPA 1582 and the |AFF/IAFC wellness/fitness
initiative both recommend at | east biannual EST for
firefighters.’*2* They recommend that thesetests
beginat age 35for thosewith CAD risk factors, and
at age40for thosewithout CAD risk factors. The
EST could beconducted by thefirefighter’spersond
physician or aCity/County contract physician. If
thefirefighter’spersond physcian conductsthetes,
the results must be communicated to the contract
physician, who should beresponsiblefor decisions
regarding medical clearancefor firefighting duties.

Recommendation #6. Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.
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Physica inactivity isthemost prevaent modifiable
risk factor for CAD intheUnited States. Additiondly,
physical inactivity, or lack of exercise, isassociated
with other risk factors, namely obesity and diabetes.®
NFPA 1500, Standard on Fire Department

Occupationd Safety and Hedlth Program, and NFPA
1583, Standard on Hedlth-Rd ated Fitness Programs
for Fire Fighters, require awellness program that
provideshealth promotion activitiesfor preventing
hedth problemsand enhancing overdl well-being. 2
IN1997, theInternationa Association of FireFighters
(IAFF) and the International Association of Fire
Chiefs (IAFC) published a comprehensive Fire
Service Joint Labor Management Wellness/Fitness
Initiativetoimprovefirefighter quality of lifeand
maintain physical and mental capabilitiesof fire
fighters. Ten fire departments acrossthe United
Statesjoined thiseffort to pool information about
their physical fitness programs and to create a
practical fire service program. They produced a
manual and avideo detailing elements of such a
program.? TheFireDepartment should review these
materialsto identify applicable elements. Other
large-city negotiated programscan also bereviewed
aspotential models.
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